Primary percutaneous coronary intervention (PPCI) is the preferred reperfusion strategy for ST-segment elevation myocardial infarction (STEMI). Several randomized controlled trials (RCTs) and meta-analyses have revealed improved clinical outcomes in patients undergoing PPCI compared with those receiving fibrinolysis. Abstract Background: Female sex and South Asian race have been associated with poor clinical outcomes following primary percutaneous coronary intervention (PPCI) for ST-segment elevation myocardial infarction (STEMI) but remain understudied in large real-world series. We therefore investigated the association of sex and race with clinical outcomes following PPCI. Methods: We conducted a prospective study of all patients undergoing PPCI for STEMI between January 2009 and December 2011 at a large UK cardiac centre. Clinical characteristics and outcomes were compared according to sex and race using Chi-square test, independent samples Student's t-test and Mann-Whitney U-test. Primary and secondary outcomes were 12-month major adverse cardiovascular events (MACEs) -defined as all-cause mortality, myocardial infarction and unplanned revascularization, analysed using Cox proportional hazard models adjusting for cardiovascular risk factors. Results: Three thousand and forty-nine patients were included. Women (n=826) were older than men (n=2223) (median age 69 vs. 60 years, p <0.01). Mortality (hazard ratio 1.48 (1.15-1.90)) and MACE (hazard ratio 1.40 (1.14-1.72)) were higher in women in univariable analysis. However, there were no significant sex-differences in mortality or MACE after age-stratification alone. Multivariable analysis also showed no significant differences in outcomes between sexes. South Asians (n=297) were younger but had a higher prevalence of most risk factors than White patients (n=2570). Mortality and MACE did not differ significantly between South Asian and White patients in univariable or multivariable analysis. Conclusion: MACE and mortality was not greater in women, or in South Asian patients following PPCI after adjustment for cardiovascular risk factors including age, which was most strongly associated with both outcomes.
Introduction
concerns have been raised that there may be inequalities in outcome following PPCI in certain groups of patients.
The influence of sex on clinical outcomes following PPCI for STEMI has long been recognized. Several studies over the last 15 years have reported an increased risk of mortality and major adverse cardiovascular events (MACEs) following PPCI in women compared with men. [4] [5] [6] [7] [8] [9] Older age, differences in baseline characteristics and risk factors, procedural differences and delays in reperfusion have been proposed as potential explanations for the poorer outcomes in women. 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, it remains unclear whether there are true sex-related differences in therapeutic efficacy of PPCI despite some studies suggesting that female sex is an independent predictor of poor outcomes. 13 South Asian individuals make up approximately 5% of the population in England and Wales, representing the second largest ethnic group in England and Wales after White individuals. 20 South Asian individuals generally have a higher prevalence of cardiovascular risk factors compared with White individuals and usually present at a younger age with myocardial infarction (MI). [21] [22] [23] [24] [25] Despite their younger age at presentation, outcomes following MI are often worse in South Asian than in White patients. 26 South Asians are more likely than White patients to experience MACEs following coronary intervention. 24, 27 However, there is a paucity of published data comparing clinical outcomes following PPCI in White and South Asian patients.
Whilst RCTs and meta-analyses have been informative in exploring the association of sex and race on outcomes following PPCI, they may not reflect day-to-day clinical practice due to restrictive inclusion and exclusion criteria. We designed a prospective outcomes study to accrue 'realworld' data and to allow identification of demographic, clinical and procedural variables that are associated with patient outcomes. The aim of this study was to ascertain in a large consecutive series the association of sex and race with mortality and MACEs following PPCI.
Methods
The West Yorkshire PPCI Outcome Study was a prospective, observational study of clinical and demographic characteristics, procedural variables and clinical outcomes of all patients undergoing PPCI for STEMI at Leeds General Infirmary, United Kingdom between 1 January 2009 and 31 December 2011. Leeds General Infirmary provides a 24/7 PPCI service to a catchment population of approximately 3.2 million people (achieving 100% population coverage), providing the largest single-centre PPCI service by volume in the UK. 28 The study was approved by the UK National Research Ethics Service (0911-11311/60) and had National Health Service (NHS) approval in each local participating hospital.
The primary clinical endpoint was MACE (defined as allcause mortality, MI and unplanned target vessel and non-target vessel revascularization) within 12 months of PPCI. The secondary endpoint was all-cause mortality within 12 months.
Race was coded according to the Office of National Statistics National Codes: White -British, Irish, any other White backgrounds; Asian or Asian British -Indian, Pakistani, Bangladeshi, any other Asian background (excluding Chinese). Patients of Asian or Asian British backgrounds, regardless of country of birth, were, for this study, considered to be of South Asian descent. Other racial groups were recorded, but due to very small numbers within each racial subgroup were not reported in this analysis.
STEMI was diagnosed in patients who presented with chest pain consistent with myocardial ischaemia for at least 20 min with associated ST segment elevation of ≥ 1mm in contiguous limb leads and/or ≥ 2mm in contiguous chest leads or presumed new left bundle-branch block on a 12-lead electrocardiogram. 29 Since the national roll-out of PPCI in the UK in 2008, paramedics had been trained to diagnose STEMI and administer appropriate initial care for patients with STEMI. These patients were transferred directly to the cardiac catheter laboratories at Leeds General Infirmary by paramedics (following a telephone referral en route to our centre) and underwent emergency diagnostic angiography with (if indicated) PPCI if within 12 h of symptom onset. Patients were preloaded with oral aspirin 300mg (usually in the prehospital setting) and either 600mg clopidogrel, 60mg prasugrel or 180mg ticagrelor depending on current practice and guideline recommendations at the time of their index procedure. Procedural anticoagulation was administered with either bivalirudin or unfractionated heparin (± bail-out glycoprotein IIb/IIIa antagonist). The choice of arterial access site, PCI technique, type of stent (bare-metal stent or drug-eluting stent (DES)), aspiration and/or mechanical thrombectomy and peri-procedural pharmacotherapy was at the operator's discretion. Preprocedure and post-procedure flow in the infarct-related artery was graded according to the Thrombolysis in Myocardial Infarction classification. 30 Call time (call for help time) and door time (time of patient arrival at Leeds General Infirmary -directly or via inter-hospital transfer) were obtained from the ambulance report if patients were admitted by ambulance or the Emergency Department triage notes if patients self-presented. Balloon time (time to first interventional device) was obtained from the electronic cardiac catheter laboratory report. Standard postprocedure care involved at least 24 h observation on the Coronary Care Unit. Patients remained in hospital for a minimum of 72 h. Standard secondary prevention therapy (dual antiplatelet therapy, statin therapy, angiotensin converting enzyme-inhibitor or angiotensin II receptor blocker, beta-blockers) was prescribed to all patients unless contraindicated. Patients were also prescribed mineralocorticoid-receptor antagonists when clinically indicated.
Follow-up
Patient characteristics, procedural variables and in-hospital outcomes were extracted from written and electronic case notes at the time of discharge. Adverse events were identified up to a minimum of 12-month follow-up by a combination of patient telephone contact, access to clinical information via local hospital written or electronic notes, or from the responsible General Practitioner. Mortality data were ascertained from the Office of National Statistics and central NHS records. Unplanned coronary revascularization procedures were identified by reviewing catheter laboratory and cardiothoracic surgical databases at the base institution and all other hospitals within the region. MIs were identified through the Myocardial Infarction National Audit Project database (a database containing information relating to all patients admitted into acute NHS hospitals in England and Wales with unstable angina, non-ST-segment elevation myocardial infarction and STEMI). Review of clinic and discharge letters alongside interrogation of hospital electronic pathology records for a rise in troponin and/or creatinine kinase were undertaken to verify MI. Data adjudication was carried out by blinded clinicians in consensus.
Statistical analysis
A process of data checking and validation was undertaken to ensure all values were plausible and accurate, and summary statistics were generated. The median was reported for continuous variables with their corresponding interquartile ranges. Frequencies were reported for categorical variables with their corresponding percentages (n (%)). Chi-square tests were used to compare categorical variables. Independent samples Student's t-tests and MannWhitney U-tests were used as appropriate to compare continuous variables. Analysis of differences in baseline and procedural characteristics by sex and race was performed in IBM SPSS (version 23.0.0.2) by AK. A p-value of <0.05 was considered statistically significant.
Survival analyses were performed in R (version 3.2.1) by the study statistical team (CK, PB). Multivariable analysis was undertaken with Cox proportional hazards models to analyse all-cause mortality and MACE (using the 'survival' package). Variables included in the Cox proportional hazards models were: current or previous history of cigarette smoking, diabetes mellitus, hypertension, hypercholesterolaemia, prior revascularization, prior MI, peripheral vascular disease or cerebrovascular disease, age category, sex, race and cardiogenic shock. All assumptions, including the proportional hazards assumption, were verified. Age tertiles (<60 years -Group 1; 60 to 79 years -Group 2; ≥80 years -Group 3) rather than continuous age were used throughout to satisfy the proportional hazards assumptions required where MACE (censored for first event) was the outcome of interest. Kaplan-Meier curves were produced for age, race and sex for each outcome of interest. All hazard ratios, both unadjusted and adjusted, were obtained from Cox proportional hazards models and were reported with 95% confidence intervals.
Results
A total of 3049 patients underwent PPCI during the study period; 12-month mortality data were available for all patients. Data for 12-month MACE were available for 3028 (99.3%) patients, with 21 patients excluded from MACE analysis due to unavailability of data confirming date(s) of MACE. Baseline and procedural characteristics according to sex and race are listed in Table 1 .
Sex
A total of 826 (27.1%) women and 2223 (72.9%) men underwent PPCI (Table 1 ). There were multiple statistically significant differences in baseline and procedural characteristics between men and women. Women were older, had a greater prevalence of diabetes and hypertension, but a lower prevalence of current or ex-smoking, previous MI and previous revascularization. In terms of procedural variables, women had longer call-to-balloon (CTB) times, had fewer transradial PPCI, bailout glycoprotein IIb/IIIa antagonists, aspiration/mechanical thrombectomy and DES implantation than men.
Older age was strongly associated with adverse outcomes. Age Group 2 was associated with a higher rate of mortality (hazard ratio 4.17 (2.86-6.09)) and MACE (hazard ratio 2.03 (1.60-2.57)) at 12 months compared with age Group 1. The highest rates of mortality (hazard ratio 10.53 (7.07-15.67) and MACE (hazard ratio 3.93 (2.99-5.17)) were seen in age Group 3 when compared with age Group 1 ( Figure 1 ).
Women had significantly higher rates of mortality (hazard ratio 1.48 (1.15-1.90)) and MACE (hazard ratio 1.40 (1.14-1.72)) compared with men in unadjusted analysis (Table 2; Figure 2(a) and (b) ). The difference between sexes was observed for both first adjudicated MACE and for all MACE. However, when categorized according to age (Groups 1-3) , there was no statistically significant difference in unadjusted mortality and MACE between sexes at 12 months (Figure 2(c) and (d) ). Multivariable analysis with adjustment for risk factors (including age) also confirmed that there were no statistically significant differences in MACE (hazard ratio 1.10 (0.89-1.37)) or mortality (hazard ratio 0.99 (0.76-1.30)) in women compared with men at 12 months.
Race
A total of 2570 (84.3%) White patients and 297 (9.7%) South Asian patients underwent PPCI (Table 1 ). There were multiple statistically significant differences in baseline and procedural characteristics between South Asian and White patients. Although the average age of South Asian patients was lower, the prevalence of diabetes mellitus, hypertension, hyperlipidaemia and pre-existing coronary disease was higher than in White patients.
Univariable analysis of first adjudicated MACE revealed no statistically significant difference in mortality (hazard ratio 0.97 (0.64-1.47)) or MACE (hazard ratio 1.21 (0.89-1.64)) between South Asian and White patients (Figure 3) . When individual components of MACE were considered separately as mortality, MI and revascularization, South Asian patients were found to have higher incidence of MI (Table 2 ). Multivariable analysis confirmed that South Asian race was not statistically significant in MACE (hazard ratio 1.30 (0.94-1.80)).
Discussion
Our real world analysis of consecutive patients undergoing PPCI at a large cardiac centre provides several important insights into the association between sex, race and outcomes following PPCI for STEMI. Univariable analysis revealed that women had significantly higher rates of mortality and MACE compared with men. However, this difference disappeared after age-stratification alone (before multivariable analysis) and after multivariable analysis, indicating that female sex per se is not associated with worse outcomes, and that the difference in outcomes between sexes is driven by age. Univariable and multivariable analyses of the association between race and outcomes following PPCI showed no statistically significant difference in mortality or MACE in South Asian compared with White patients, although recurrent MI within 12 months of index PPCI was more frequent in South Asian patients. Our study revealed important differences between men and women in terms of baseline characteristics and procedural variables in a population of patients in the 'contemporary' PPCI era. Women were significantly older at the time of presentation with STEMI, consistent with a potential cardio-protective effect of the pre-menopausal state. 31 Similar differences in baseline characteristics have been identified in previous studies. 5, [12] [13] [14] [15] 32 Previous studies have shown that despite correction for age and risk factors, women have higher rates of MACE. 5, 6, 13, 15, 33 However, there has been increasing evidence that female sex is not an independent predictor of poor outcomes following STEMI. One study had shown that correction for body-surface area and renal function in addition to correction for baseline characteristics and risk factors eliminated the excess risk of MACE and mortality in women following PCI, although this was not specific for PPCI. 8 Jakobsen et al. 34 published their analysis of the effects of sex on clinical outcomes following PPCI between 2002 and 2008 and found that correction for baseline characteristics eliminated the excess risk seen in women, in keeping with our findings. However, a systematic review by Van der Meer et al. concluded that adverse risk factor profile and patient delays contributed to poorer outcomes in women. 19 Our analysis has shown that the differences in clinical outcomes between men and women were likely to be due to the difference in age and baseline characteristics at the time of STEMI. This has also been suggested in previous studies. 8, 12, 16, 18, 19, [35] [36] [37] Several previous studies have identified delays to reperfusion as potential explanations for poorer outcomes following PPCI in women. 11, 15, 36, 38 In contrast to these studies we did not observe any statistically significant differences in door-to-balloon (DTB) times but women were subject to statistically significantly longer CTB times compared with men, suggesting pre-hospital delays in women, which theoretically could represent referral bias. However, the DTB times in both sexes in our study were comparable to these studies. Clinical outcomes in women could potentially be improved further by minimizing pre-hospital delays.
Given the limited available data on outcomes in South Asian individuals undergoing PPCI in the current era, we sought to compare differences in clinical outcomes between South Asian and White patients in our population of patients. In keeping with previous studies of patients undergoing PPCI, 24, 25, 27, [39] [40] [41] we found multiple statistically significant differences in baseline characteristics between South Asian and White patients, including higher prevalence of diabetes mellitus, hypertension, hyperlipidaemia and pre-existing coronary artery disease (CAD) in South Asian patients despite a younger age at presentation. A higher prevalence of metabolic syndromes (including insulin resistance and diabetes) and altered levels of adipokines and inflammatory mediators have been suggested to contribute to the younger age of onset of CAD and poorer clinical outcomes following coronary events in South Asian patients compared with White patients. 21, 26, 27, 40, [42] [43] [44] [45] [46] [47] [48] There were also multiple statistically significant differences in procedural variables between South Asian and White patients in our study. In particular, South Asian patients were more likely to present with anterior MIs, with the left anterior descending artery as the infarct-related artery, which has been associated with worse outcomes and a greater risk of in-stent restenosis. 49, 50 The higher incidence of recurrent MIs within our South Asian patients is likely to be due to the statistically significant difference in the prevalence of risk factors, in particular the prevalence of diabetes mellitus in South Asian patients, which in our cohort was three times higher than in White patients. Despite their higher incidence of recurrent MIs, when censored for first event, South Asian patients did not have higher rates of mortality or MACE. This is potentially due to possible mortality advantage due their younger age at presentation, 39 and due to some patients experiencing multiple events, with subsequent events not being included when censored for first event.
Limitations
This was a single-centre observational study and therefore might not reflect the broader population. Although there is a national framework for STEMI management, regional differences have been reported 28 and therefore our findings might not reflect outcomes in other regions. As this is a study of patients undergoing PPCI, patients with pre-hospital cardiac arrest in the setting of STEMI might not have undergone PPCI for various reasons, such as stability/suitability for interhospital transfer, prolonged and unsuccessful resuscitation, and referrer's view of futility of treatment, which could all have potentially introduced an element of selection bias. We were not able to explore this further as the data for this were unavailable. There have been advances in procedural characteristics since 2011. Heparin, rather than bivalirudin, is now the procedural anticoagulant of choice and ticagrelor, rather than clopidogrel or prasugrel, is now the P2Y12 inhibitor of choice in our centre. There has also been an increase in utilization of radial artery access and DES implantation during PPCI over this period of time. Whilst a large number of patients of South Asian race were included in this study, it was not possible to distinguish the patients who were born in the UK from those born in other countries. This would be an important factor to consider as South Asian countries have higher standardized mortality ratios from CAD compared with the UK, and, as such, patients who had lived in South Asian countries before settling in the UK might have higher risk of mortality from CAD compared with British-born South Asian patients. 51 As this was a real-world outcomes study, patients included in the study were unmatched. However, our large number of patients allowed us to confidently undertake multivariable analysis to compare outcomes based on sex and race. It is possible that in the subgroup of females < 60 years, the relatively small number in this group in comparison with that of females aged 61-79 years might have contributed to the lack of statistical significance in the difference in MACE compared with men < 60 years. However, conversely, a larger population in this age group, which is only possible from a larger study population, might not have necessarily contributed to a different result. Whilst every effort was taken to ensure accurate documentation of MACEs, the possibility that some patients may have undergone unplanned revascularization at hospitals outside of our region cannot be excluded and could have led to underreporting of MACEs. Differences in continuation rates of secondary prevention medications between genders and races may exist, and this may influence patient outcomes. However, we were unable to determine continuation of secondary prevention medication at 12 months.
Conclusions
There were no statistically significant differences in mortality and MACE between sexes following PPCI after agestratification and multivariable analysis. Despite their higher rates of recurrent MI, South Asian patients did not have statistically significantly higher rates of MACE or mortality in univariable or multivariable analysis.
